membrane. Simulations show that a minimally-sized cluster ring expands outward, driven principally by electrostatic and steric repulsions between the SNARE complexes. Ring expansion thereby pulls the curved vesicle surface toward the target membrane. Addition of new complexes to the cluster further expands the ring, thus reducing the membrane separation and elevating the pressure between the membranes. We find a cluster of~5-10 complexes docking a 50-nm vesicle exerts local pressures of tens of atmospheres, similar to the threshold pressures required for fusion measured in planar bilayer systems [Wong et al, Biophys J., 1999]. Thus, the SNARE cluster-generated pressure may be sufficient for fusion. This is consistent with the recently reported 5-11 complex requirement. In addition, our model makes the testable prediction that fusion of smaller (higher curvature) vesicles requires fewer SNAREs. Iowa State university, Ames, IA, USA. SNAREs (soluble N-ethyl maleimide sensitive factor attachment protein receptors) are well-known as membrane fusion machinery in eukaryotic cells. The vesicle-associated v-SNARE engages with its partner t-SNAREs on the target membrane to form 4-helix bundle that bridges two membranes and facilitates fusion. However, during the fusion process the geometric information of vesicles is unveiled due to the resolution limit of conventional light microscopy. Cryo-TEM (Cryogenic Transmission Electron Microscopy) directly shows the geometric information during the membrane fusion, overcoming the resolution limit. Since double vesicles which included a small vesicle inside outer vesicle are observed on the final stage of SNARE driven fusion process, we suggest that dual pathways of yeast minimal-machinery-SNARE driven vesicle fusion are available; 1) developing a single vesicle and 2) developing double vesicle as the final state. Furthemore, Cryo-TEM micrographs shows two kinds of intermediate states; double layers and one layer in the contact area. We guess that the final double vesicles might be developed by passing separate two bilayer contact state, while the final single vesicles might be developed by a fusion process with hemifusion state. Iowa State University, Ames, IA, USA. Synaptotagmin-1 (Syt1) is a major Ca 2þ sensor for fast synchronous neurotransmitter release, which requires vesicle fusion mediated by SNAREs. Syt1 is known to interact with target membrane (t-) SNARE, ternary SNARE complex, and anionic phospholipids. However, how Syt1 utilizes its diverse interactions to regulate vesicle fusion remains illusive. To dissect the functions of Syt1, we apply a single-molecule technique, alternating-laser excitation (ALEX), which is capable of sorting out all subpopulations of fusion intermediates in bulk solution, particularly the docking stage before lipid mixing. The results show that membrane-anchored Syt1 undergoes at least three distinct steps prior to lipid mixing. First, in the absence of Ca 2þ , Syt1 mediates vesicle tethering by directly binding to t-SNARE, which requires PIP 2 . Second, synaptobrevin-2 binding to t-SNARE to form the ternary complex displaces Syt1 from the SNARE complex. Third, in the presence of Ca 2þ , Syt1 rebinds to the SNARE complex, which again requires PIP 2 . Thus in the absence of Ca 2þ , Syt1 may bring vesicles to the plasma membrane in proximity via binding to t-SNARE/PIP 2 to help ternary SNARE complex formation and then, upon Ca 2þ -influx, it may rebind to the ternary complex with the aid of PIP 2 , which may trigger fast synchronous fusion.
Iowa State university, Ames, IA, USA. SNAREs (soluble N-ethyl maleimide sensitive factor attachment protein receptors) are well-known as membrane fusion machinery in eukaryotic cells. The vesicle-associated v-SNARE engages with its partner t-SNAREs on the target membrane to form 4-helix bundle that bridges two membranes and facilitates fusion. However, during the fusion process the geometric information of vesicles is unveiled due to the resolution limit of conventional light microscopy. Cryo-TEM (Cryogenic Transmission Electron Microscopy) directly shows the geometric information during the membrane fusion, overcoming the resolution limit. Since double vesicles which included a small vesicle inside outer vesicle are observed on the final stage of SNARE driven fusion process, we suggest that dual pathways of yeast minimal-machinery-SNARE driven vesicle fusion are available; 1) developing a single vesicle and 2) developing double vesicle as the final state. Furthemore, Cryo-TEM micrographs shows two kinds of intermediate states; double layers and one layer in the contact area. We guess that the final double vesicles might be developed by passing separate two bilayer contact state, while the final single vesicles might be developed by a fusion process with hemifusion state. Iowa State University, Ames, IA, USA. Synaptotagmin-1 (Syt1) is a major Ca 2þ sensor for fast synchronous neurotransmitter release, which requires vesicle fusion mediated by SNAREs. Syt1 is known to interact with target membrane (t-) SNARE, ternary SNARE complex, and anionic phospholipids. However, how Syt1 utilizes its diverse interactions to regulate vesicle fusion remains illusive. To dissect the functions of Syt1, we apply a single-molecule technique, alternating-laser excitation (ALEX), which is capable of sorting out all subpopulations of fusion intermediates in bulk solution, particularly the docking stage before lipid mixing. The results show that membrane-anchored Syt1 undergoes at least three distinct steps prior to lipid mixing. First, in the absence of Ca 2þ , Syt1 mediates vesicle tethering by directly binding to t-SNARE, which requires PIP 2 . Second, synaptobrevin-2 binding to t-SNARE to form the ternary complex displaces Syt1 from the SNARE complex. Third, in the presence of Ca 2þ , Syt1 rebinds to the SNARE complex, which again requires PIP 2 . Thus in the absence of Ca 2þ , Syt1 may bring vesicles to the plasma membrane in proximity via binding to t-SNARE/PIP 2 to help ternary SNARE complex formation and then, upon Ca 2þ -influx, it may rebind to the ternary complex with the aid of PIP 2 , which may trigger fast synchronous fusion.
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Structural Model of the Juxtamembrane Region of the Trans-SNARE Complex with EPR Xiaochu Lou. Iowa State University, AMES, IA, USA. Neuronal SNARE proteins play a central role in mediating the fusion of synaptic vesicles with the nerve cell plasma membrane, which is necessary for neurotransmitter release. Plasma membrane SNARE Syxtaxin 1A and vesicle SNARE Synaptobrevin 2, anchor to respective membranes and the juxtamembrane regions connect their SNARE motifs to the respective transmembrane domains. SNARE complex formation, in trans, brings vesicle and membrane closely together to the pre-fusion state. The zippering may continue to the linker regions and extend the helical structure all the way through the transmembrane domain (cis-SNARE complex). Although the trans-SNARE core complex and cis-SNARE complex structures are known, it is not known what the linker region structure should be act in the trans-complex, which is believed to be a force transducer that plays a role in membrane merging. Here, we investigated SNARE complexes containing linker region truncated version of Syxtaxin 1A or Synaptobrevin 2 to mimic the trans-complex using spin labeling electron paramagnetic resonance (EPR). We will present the new EPR results that might shed lights on the structure of the trans-SNARE complex. The SNARE proteins family affects numerous intra-cellular fusion processes. Synaptobrevin (Sb), Syntaxin-1 (Sx) and both SNAP25 (Sn) chains are involved during synaptic vesicular exocytosis. They form a bundle of four alpha-helices. Both Sb and Sx have a trans-membrane domain (TMD) used to anchor the bundle between the vesicle and cell membranes. It has been shown experimentally that these proteins trigger the fusion process in-vitro as well as in-vivo. Yet the molecular mechanisms of this process are not elucidated. Molecular dynamics simulation (MD) approaches offer very detailed insights into such systems and can describe the behavior of each component. We performed several simulations of a membrane-embedded SNARE complex between two mixed POPC/POPS membranes. Despite a simulation artefact initially moving the membranes away from each other, we observe strong deformations around the TMDs and a decreasing distance between them. If the link between the TMDs and the bundle is severed, both membranes go back to a flat state. This observation can be explained by very robust interhelical interactions that prevent the bundle from breaking away. In addition, the TMD composition allows them to be strongly anchored to the membranes. Electrostatic interactions between the proteins and the membrane further seem to help accelerate this process. The trans-membrane domain (TMD) of gp41 is essential for efficient fusion between HIV-1 and its host cell in vivo. HIV virus with gp41 mutated by R696L is reported to be defective in infectivity and fusion (Helseth, J Vir, 1990, 6314 ), so we have examined both native and R696L gp41 TMDs' effects on PEGmediated fusion of PC/PE/SM/CH (35/30/15/20) SUVs. Lipid mixing (LM), contents mixing (CM) and leakage (L) time courses were fitted globally to a 3-state sequential model (Weinreb & Lentz, BJ, 2007, 4012) , from which we obtained estimates of rate constants for conversion between states as well as probabilities of LM, CM and L for each state. The WT peptide increased the rates of stalk (k1) and fusion pore (k3) formation in a cooperative fashion Tuesday, February 28, 2012 499a 
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